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1 Abstract
The study of the sphericity of primary charged particles in minimum bias proton-
proton collisions at
√
s = 0.9, 2.76 and 7 TeV with the ALICE detector at the LHC
is presented. The mean sphericity as a function of multiplicity is reported for events
with different hardness. The ALICE results show a growing transverse sphericity with
multiplicity for all collision energies, with a steeper rise at low Nch. The tendency of
the MC generators is opposite at high multiplicity.
2 Introduction
The measurements in minimum bias (MB) proton-proton collisions are relevant to
provide information about the non-perturbative aspects of QCD and they are the
baseline for the correct interpretation of the heavy ion results.
The recent results from the LHC experiments show that the event generators are
unable to explain simultaneously different observables. For instance, at
√
s =0.9 TeV,
ALICE has reported that for inelastic processes the multiplicities predicted by the
different models in general do not reproduce the data, except for PHOJET [1] which
exhibits the best agreement, but fails in the description of the pT distribution [2, 3].
The main lesson of the LHC is that an important effort has to be done in order to
understand all the observations. Toward this effort, in the present work we investigate
the evolution of the transverse sphericity with the multiplicity.
3 Transverse Sphericity Analysis in ALICE
At hadron colliders the event shapes are restricted to the transverse plane in order
to avoid the bias from the boost along the beam axis [4]. In this work the transverse
1
sphericity is measured in the acceptance |η| ≤ 0.8, for events with more than two
tracks (pT ≥ 0.5 GeV/c). The observable is defined as follows:
ST ≡ 2λ2
λ2 + λ1
(1)
where: λ1 > λ2 are the eigenvalues of the transverse momentum matrix:
SLxy =
1∑
i pT i
∑
i
1
pT i
(
pxi
2 pxipyi
pxipyi pyi
2
)
By construction, an isotropic event has sphericity close to 1, and the “jetty” events
have ST → 0.
The mean transverse sphericity (〈ST 〉) was measured as a function of the multi-
plicity at three center of mass energies. Each MB sample (“bulk”) was split in “soft”
(pmaxT < 2 GeV/c) and “hard” (p
max
T ≥ 2 GeV/c) events. The method used to correct
the measured sphericity vs. multiplicity for efficiency, acceptance, and other detector
effects is similar to one used in the mean pT analysis [3].
The overall number of analyzed events is ∼40 million events for each √s = 7 and
2.76 TeV, and 3.6 millions for 0.9 TeV. The beam-related background rejection is per-
formed using the VZERO detector consisting of two forward scintillator hodoscopes.
The MB trigger required a hit in one of the VZERO counters or in the Silicon Pixel
Detector (SPD). In addition a coincidence between the signals from two beam pickup
counters, one on each side of the interaction region, indicating the presence of pass-
ing bunches was required [2]. For the measurement of the charged 〈ST 〉 the relevant
detectors are the Time Projection Chamber (TPC) and the Inner Tracking System
(ITS), both located in the central barrel of ALICE [5].
4 Results
The mean transverse sphericity as a function of multiplicity is shown in Fig. 1 for
MB interactions at
√
s = 7 TeV, the results are compared with PYTHIA6 [6] version
6.421 (tunes: ATLAS-CSC [7] and PERUGIA-0 [8]), PHOJET [1] version 1.12 and
PYTHIA8 (untuned parameters [9]) version 8.145. The ALICE data are plotted with
the systematic uncertainties, in particular the contribution due to pile-up is < 0.3%.
For “bulk” events, the sphericity in data is steadily rising with multiplicity suggesting
a more isotropic distribution of tracks in azimuth than the models. One sees that
the general agreement between models is better for “soft” events while for the “hard”
ones the disagreement is up to ∼ 20% at low and high multiplicity.
On the other hand, Fig. 2 shows a comparison of the observable at
√
s = 0.9, 2.76
and 7 TeV for “bulk” events. The ALICE data are compared with PYTHIA8 and
PHOJET.
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Figure 1: Mean transverse sphericity as a function of charged particle multiplicity
for pp collisions at
√
s = 7 TeV. The statistical errors are displayed as error bars
and the systematic uncertainties as the shaded area. The results are shown for the
different event classes: (a) “bulk,” (b) “soft” and (c) “hard.”
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Figure 2: Mean sphericity versus multiplicity for bulk events. Three samples at
different energies were analyzed:
√
s = 0.9, 2.76 and 7 TeV. ALICE data are compared
with PYTHIA8 and PHOJET.
3
5 Conclusions
A study of the transverse sphericity of charged particles in MB p-p collisions at√
s =0.9, 2.76 and 7 TeV was reported. At high multiplicity (Nch ≥ 30), the measured
〈ST 〉 differs by about 20% with respect to different models: ALICE data exhibit a
growing trend while the models show a decreasing behavior. The observed effect can
not be explained by any systematic uncertainty. On the other hand, the functional
form of 〈ST 〉 as a function of Nch is the same at all three energies in the overlapping
region. The MC generators show a different behavior. It would be interesting to
include the sphericity parameter for the MC tuning.
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